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Available evidence indicates that disturbance of the alveolar respiratory component of pulmonary function is of importance in producing disability only in such diseases as pulmonary sarcoidosis and berylliosis (Ferris, Affeldt, Kriete, and Whitten berger, 1951) where there is a lesion of the alveolar epithelium. Much further work remains to be done before the importance of disturbance of the mixing component of pulmonary function in producing disability can be evaluated. Evidence is now available, however, that the principal cause of disability in dust diseases of the lung is disturbance of the ventilatory function (Baldwin, Cournand, and Richards, 1949; Gilson and HughJones, 1953) . This is also true of asthma and to a large extent of emphysema.
This paper is concerned with the assessment of the maximum ventilatory capacity, and presents a method of measuring this aspect of pulmonary function which has been used during the past three years in an out-patient clinic, and which has been found simple and practical.
The oldest objective method for assessing the ventilatory capacity of a subject is the simple vital capacity measurement. This, however, is a static measure of volume and is an imperfect and often misleading index of the ventilatory function (Gilson and Hugh-Jones, 1949) . To detect changes in the ventilatory capacity of individual subjects from day to day, and to detect differences between individuals, it is essential to measure the maximum ventilatory capacity. Since the work of f-Hermannsen (1933) the measurement of the maximum breathing capacity (M.B.C.)-here termed the maximum voluntary ventilation (M.V.V.)-has been used extensively, and is now generally accepted as the best single index of the maximum ventilatory capacity (Gray, Barnum, Matheson, and Spies, 1950) .
However, in practice, the determination of the M.V.V. presents a number of difficulties. First, it has been found difficult or impossible in many cases to be certain that the patient is giving of his best in the M.V.V. test, especially when such issues as compensation are at stake, and the test may thus be partly a measure of his co-operation. Secondly, the measurement of the M.V.V. in practice is time-consuming and fatiguing both to the patient and to the observer. For these reasons attention has been devoted to finding a simpler measure of the maximum ventilatory capacity.
It has been suggested (Kennedy, 1950 ) that a man's maximum voluntary ventilation or his maximum breathing capacity might be predictable from the analysis of his vital capacity tracings recorded on a fast-revolving kymograph. The remainder of this paper summarizes the development of this earlier work.
APPARATUS
A simple vital-capacity spirometer almost identical with that described by Gilson and Hugh-Jones (1949) has been used for recording the various respiratory tracings. The volume of the spirometer bell is roughly 6.5 litres. In order to minimize resistance to air-flow, a 2-in. diameter tube was used inside the spirometer and for the rubber connexion to the metal mouthpiece. The same electrical integrating device as described by Gilson and Hugh-Jones (Kennedy, 1950) .
In Fig. 1 a dotted line has been drawn through the tracing at the level of the critical point, and it can be seen that it cuts the lower end of the M.V.V. tracing. This has been observed in almost all tracings, and would suggest that this critical level determines the optimum depth of breathing for hyperventilation. Further, the first fraction of the E.V.S. appears to be closely mirrored by the expiratory phase of the M.V.V. tracing (f) in Fig. 1 . E.V.S. tracings have been found to be remarkably uniform and almost specific for a given individual, though they may vary from day to day if there is any change in the factors influencing air flow.
The vital spirogram shows at a glance which fraction of the vital capacity is most favourable for hyperventilation. As Cournand, Richards, and Darling (1939) stated, the last fraction of the vital capacity is expelled only with undue effort and expenditure of time, and obviously, if this last fraction is used during forced voluntary ventilation, the minute volume will not be maximal. Rossier, Bucher, and Wiesinger (1947) have suggested that it is desirable for efficient ventilation of the lungs to shift as much air out of and into the lungs as is possible with each breath, since if the volume per breath is reduced to be equal only to the dead-space air, then no useful ventilation will take place at all. Consequently, if the most efficient ventilation is to be achieved, then the greatest volume of air must be shifted per breath in the shortest possible time.
The volume of air shifted during M.V.V. depends on three variables: the rate at which air is expelled, the rate at which air is inspired, and the time lost in changing from inspiration to expiration and vice versa.
THE HYPOTHESIS AND EVOLUTION OF THE METHOD.-A preliminary study of the vital spirogram suggested the hypothesis that it might be possible to assess the M.V.V. from a quantitative analysis of the first fraction of the E.V.S.
In the evolution of the method to be presented, the following questions were first investigated: (a) Is the average flow rate over the first fraction of E.V.S. related to the average expiratory M.V.V. For each value of a the mean of the measurements derived from four consecutive E.V.S. tracings was taken; and similarly for each value of /3, the one of the three M.V.V. tracings which gave the highest or " optimal " value was chosen, and the mean of the measurements derived from four consecutive phases taken. (Fig. 2) was measured. The first of the four consecutive E.V.S. tracings given by each of the 12 patients was measured on one day, the second tracing on the next day, and so on, to avoid one reading influencing the observer in measuring the next. These measurements were made independently by two observers.
Statistical analysis of these data gives the following results.
(1) The repeatability of E.V.S. tracings on the same man is such that they are distributed with the standard deviation of 0.7°about their mean. (2) The observer error expressed as the standard error of a single measurement was 0.37°. (3) The measurement of the first fraction of four E.V.S. tracings by one observer is founid to give a standard error of 0.40°.
Half the expiratory flow rate (E.F.R.) over the first fraction of E.V.S. may be expressed in litres per minute using the conversion formula K tan a =E.F.R.
Thus, a man whose mean value for a on his four tracings was 84°can be said to have a trLle mean lying between 83.2°and 84.8°, or, by using the above conversion formula, an E.F.R. between 41.9 and 54.9 1./min. This range of error will increase and decrease with increasing and decreasing values of a.
When a was low an error in reading a of 0. (Fig. 6) .
The optimum M.V.V. value of each subject was also plotted against the respiratory rate (Fig. 7) The mean values of the optimum M.V.V. and respiratory rate shown in Fig. 7 can be expressed in another way (Fig. 8) The E.F.R. (mean of six E.V.S.) of 50 subjects, covering a wide range of M.V.V. values, was measured using the average optimum depth rate curve. The E.F.R. values were plotted against the mean of three assessments of the M.V.V. (Fig. 10) . As can be seen, the E.F.R. values measured in this way agree well with the M.V.V. values (r= + 0.853).
(2) By Measuring Average Flow Rate Over Two Fixed Periods. These periods are the first 0.75 sec. period and the first 1.5 sec. period of the E.V.S.
As can be seen from Fig. 10 , the assessment of flow rates from the E.V.S. using the average optimum depth rate line gives good agreement with the M.V.V. values measured directly, but in practice the nomogram is rather clumsy and timeconsuming to use.
It has already been shown that the M. (Fig. 12 ) the E.F.R.4" for each tracing is measured. The mean of these six readings of the E.F.R.40, corrected to 370 C. and saturated with water vapour, is taken as the E.F.R.46 of the subject. In Fig. 13 then be 62.9 and 69.3. The standard error of the mean of six readings is, therefore, roughly of the order of 5%.
The E.F.R. over the first 1.5 sec. period (E.F.R.20) of the E.V.S. has also been compared with the M.V.V. in the same 50 subjects. In six of these subjects it was impossible to obtain a reading of the E.F.R., since the E.V.S. did not cover the 1.5 sec. time interval. In the remaining 44 subjects the E.F.R. has been plotted against the M.V.V. figures (Fig. 14) , and although the correlation is good (r +0.913) this measurement of the E. In seriously ill patients it cannot be applied. A high degree of co-operation from the subject is required. The test is fatiguing, time-consuming, and cannot readily be used for the hour-to-hour assessment of a subject during treatment. The E.F.R.4" test takes on an average two to four minutes to perform, depending on the incapacity of the patient. This is less than half the time required for the M.V.V. test. Further, the six E.V.S. tracings, from which the E.F.R.4" is measured, provide a permanent record which can be easily filed and compared quantitatively and qualitatively with later tracings.
In all these respects the E.F.R.40 test is preferable to the M.V.V. test. It has been applied with success to many patients in status asthmaticus. (Rossier and Buhlmann, 1950) . However, the proportion of a subject's actual ventilation which is ineffective on account of the dead-space air decreases as the tidal volume increases and as the respiratory rate decreases. This is theoretically shown in Fig. 15 , where the anatomical dead-space air has been assumed to be constant at 150 ml. It Other authors have also been using the first portion of single vital-capacity tracings for assess-this measure " la capacite pulmonaire utilisable a' l'effort" (C.P.U.E.). However, by using a onesecond time interval they are cutting the E.V.S. at a level considerably lower than the critical point (see Fig. 1 ). Guillet (1951) (Kennedy and Stock, 1952 
